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(54) Epitaxial-base bipolar transistor and method of manufacturing the same 



(57) A semiconductor device. A semiconductor sub- 
strate has a first conductivity. A first insulating layer is 
on the semiconductor substrate and has an opening so 
that a portion of the semiconductor substrate is ex- 



posed. A semiconductor layer has a second conductivity 
on the portion. A region in said semiconductor layer pre- 
vents a leakage current caused by a minute defect and 
faceting. 
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Description 

FIELD OF THE INVENTION 

This invention relates to a semiconductor device 
and a manufacturing method for providing a semicon- 
ductor layer formed by the selective epitaxial growth or 
non-selective epitaxial growth on a semiconductor sub- 
strate. 

DESCRIPTION OF THE RELATED ART 

In recent years, devices which achieve speed-up 
and high integration have been proposed and imple- 
mented on the way to practical use, by forming a shallow 
junction in active regions, e.g. a base layer of the bipolar 
element, and source/drain regions of the CMOS ele- 
ment, and a channel region by using the low tempera- 
ture epitaxial growth method. FIG.1 shows a sectional 
view of the conventional semiconductor substrate 
where a silicon layer has selectively grown on the sur- 
face of a semiconductor layer. FIG. 2 shows a sectional 
view of a semiconductor substrate where a conventional 
bipolar element is formed. An insulating layer 2 consists 
of, for example, a Si0 2 layer has about 100nm layer 
thick formed on an n-type silicon semiconductor sub- 
strate 1, as shown in FIG.1. Afterwards, opening 21 is 
formed on the region where a basic region of insulating 
layer 2 is formed. It is necessary to choose the material 
to facilitate selective epitaxial growth as an insulating 
layer type, for which, for instance, the Si0 2 layer is suit- 
able. Etching for forming the opening portion can control 
an amount of the pattern transformer by using aniso- 
tropic etching. However, it is required to remove any 
damaged layer by wet -etching etc., because damage 
occurs in the semiconductor substrate when using RIE 
(Reactive Ion Etching). Next, a Boron(B) doped semi- 
conductor layer 3 is formed in opening 21 formed in the 
semiconductor substrate 1 by selective epitaxial growth. 

It is preferable to define the thickness layer at about 
50 to 70nm and the boron density at about 5 to 
7x10 18 crrr 5 . Moreover, a sharp base profile can be 
formed at about 700°C as a growing temperature. The 
selective growth layer can be formed as growing gas by 
using a SiH 2 CI 2 or SiH 4 +HCL gas system. It is prefera- 
ble to provide a structure indicating the shape of the 
edge portion of the semiconductor layer 3, where facet- 
ing does not occur. Next, a polysilicon layer 5 where p- 
type impurities are doped and an insulating layer (made 
of Si02)6 are formed on the insulating layer 2 and on 
the semiconductor layer 3. Successively, the polysilicon 
layer 5 and the insulating layer 6 are patterned by ani- 
sotropic etching, as shown in FIG. 2. A high impurity den- 
sity region will exist at the overlap of semiconductor lay- 
er 3 and polysilicon layer 5. The high impurity density 
region promotes a good electrical contact between the 
semiconductor layer 3 and the polysilicon layer 5. 

In this process, the polysilicon layer 5 is used as a 



base contacting electrode. However, low resistance is 
preferable due to the necessity for decreasing parasitic 
resistance. Next, a side-wall insulating layer 7 is formed 
along a side surface of the polysilicon layer 5 and the 
s insulating layer 6 by anisotropic etching over all the sur- 
face. The role of this side wall insulating layer 7 is to 
separate a base electrode from an emitter electrode, 
and simultaneously determine the size of the emitter re- 
gion. 

10 For instance, when the open width of pattern open- 
ing 21 is defined as 0.5pm, the opening width for emitter 
opening 30 can be limited to about 0.2 Mm by providing 
a 0. 1 5 ^m thickness layer for the side-wall insulating lay- 
er 7. Next, n-type polysilicon layer 8 is formed in opening 

is 30. Then, n-type emitter diffused region 31 is formed by 
annealing under the conditions of 1 000°C . N 2 for 20 sec- 
onds approximately. The polysilicon layer 8 is used as 
an emitter electrode (E). The polysilicon layer 3 is used 
as a base region. The polysilicon layer 5 is used as an 

20 outer base electrode. An opening is formed to expose 
the layer of the bare substrate on the insulating layers 
2 and 6, respectively, where metallic electrodes 9 and 
10 are formed so as to contact with this bare substrate. 
Metallic electrode 9 is used as a base contacting elec- 
ts trode (B), and metallic electrode 1 0 is used as a collector 
contacting electrode (C). 

There is a problem wherein a minute delect causes 
a junction leak defect to occur in the edge portion of the 
epitaxial growth pattern for the device in order to render 

30 such thin epitaxial layers to an active region for practical 
use. For instance, when the semiconductor layer 3 is 
grown by the selective epitaxial growth method in open- 
ing 21 of the insulating layer 2 formed on the semicon- 
ductor substrate 1 , as shown in FIG.1 , the opening pat- 

35 tern edge shape for the insulating layer 2, or the thermal 
stress occuring in the boundary between the insulating 
layer and the semiconductor layer, cause a minute de- 
fect 32 (deposition defect). The defect 32 will increase 
a junction leak current at leak point 33 in a boundary 

40 between the semiconductor layer 3 and the semicon- 
ductor substrate 1 field side, which also sharply reduces 
a yield for the integrated circuit. Then, the selective epi- 
taxial growth causes faceting to generate in the semi- 
conductor layer 3. In this case, there is also a problem 

45 that the junction leakage occurs easily in a boundary be- 
tween the semiconductor layer 3 and the semiconductor 
substrate 1 because a thickness of the semiconductor 
layer 3 decreases in an edge region thereof. 

so SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
semiconductor device and a method of manufacturing 
the same. 

55 A further object of the present invention is to restrain 
theflowof junction leak current, although minuted f cts 
and faceting are generated at an dg portion of the 
op ning of the insulating layer. 
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To achieve the above objects, the present invention 
provides a semiconductor device which comprises a 
semiconductor substrate having a first conductivity, an 
insulating layer formed on said semiconductor substrate 
and having an opening so that a portion of said semi- 
conductor substrate is exposed, and a semiconductor 
layer having a second conductivity and formed at least 
on said portion. Said semiconductor device also has a ■ 
means for preventing electric current from being leaked 
by a minute defect and faceting included in said semi- 
conductor layer. 

And the present invention provides a method of 
manufacturing a semiconductor device which compris- 
es the steps of forming an opening in a first insulating 
layer formed on a semiconductor substrate having a first 
conductivity, forming a second insulating layer including 
an impurity having a second conductivity along with a 
side surface of said opening, diffusing said impurity to 
a surface of said semiconductor substrate, and growing 
a semiconductor layer on an exposed portion of said 
semiconductor substrate by the epitaxial method. 

Other objects, features, and advantages of the 
present invention will become apparent from the follow- 
ing detailed description. It should be understood, how- 
ever, that the detailed description and specific exam- 
ples, while indicating preferred embodiments of the in- 
vention, are given by way of illustration only, since var- 
ious changes and modifications within the spirit and 
scope of the invention will become apparent to those 
skilled in the art from this detailed description. 

BRIEF DESCRIPTION OF DRAWINGS 

A more complete appreciation of the present inven- 
tion and many of its attendant advantages will be readily 
obtained by reference to the following detailed descrip- 
tion considered in connection with the accompanying 
drawings, in which: 

FIG.1 shows a sectional view of a conventional 
semiconductor device: 

FIG. 2 shows a sectional view of a conventional 
semiconductor device: 

FIG. 3 shows a sectional view ot the semiconductor 
device in the first embodiment of the invention; 
FIG. 4 shows a plan view of the semiconductor de- 
vice in the first embodiment of the invention; 
FIG. 5 shows a sectional view ol the semiconductor 
device in the first embodiment of the invention; 
FIG. 6 shows a sectional view of the semiconductor 
device in the second embodiment of the invention; 
FIG. 7 shows a sectional view of the semiconductor 
device in the second embodiment of the invention: 
FIG. 8 shows sectional view of the semiconductor 
device in a manufacturing process in the third em- 
bodiment of the invention; 

FIG. 9 shows sectional view of the semiconductor 
device in a manufacturing process in the third em- 



bodiment of the invention; 

FIG. 10 shows sectional view of the semiconductor 
device in a manufacturing process in the third em- 
bodiment of the invention: 
FIG. 11 shows sectional view of the semiconductor 
device in a manufacturing process in the third em- 
bodiment of the invention; 

FIG. 12 shows sectional view of the semiconductor 
device in a manufacturing process in the third em- 
bodiment of the invention; 

FIG. 13 shows sectional view of the semiconductor 
device in a manufacturing process in the third em- 
bodiment of the invention; 

FIG. 14 shows sectional view of the semiconductor 
device in a manufacturing process in the fourth em- 
bodiment of the invention; 

FIG. 15 shows sectional view ot the semiconductor 
device in a manufacturing process in the fourth em- 
bodiment of the invention; 

FIG. 16 shows sectional view of the semiconductor 
device in a manufacturing process in the fourth em- 
bodiment of the invention; 

FIG. 17 shows a sectional view and a plan view of 
the semiconductor substrate and describes the ef- 
fect of this invention; 

FIG. 18 shows a sectional view and a plan view of 
the semiconductor substrate and describes the ef- 
fect of this invention; 

FIG.1 9 shows a characteristics view of forward cur- 
rent-voltage of a diode; and 
FIG. 20 shows a characteristics view of forward cur- 
rent - voltage of a diode. 

DETAILED DESCRIPTION OF PREFERRED 



Embodiments of the present invention will be de- 
scribed in detail with reference to the drawings. 

To begin with, the first embodiment form of the in- 
vention will be described with reference to FIGs. 3, 4, 
and 5. FIGs. 3 and 4 show the sectional and plan views 
of the semiconductor substrate. A sectional view of FIG. 
4, in the region along the line A-A' is shown in FIG. 3. 
FIG. 5 shows a sectional view of the semiconductor sub- 
strate, where a bipolar transistor is formed. FIG. 3 shows 
a semiconductor device for the structure such that a p- 
type semiconductor layer is formed in the insulating lay- 
er opening region formed on n-type silicon semiconduc- 
tor substrate by a low temperature selective epitaxial 
growth method. First, insulating layer 2 is formed on n- 
type silicon semiconductor substrate 1 having an impu- 
rity density of about 1x10 16 to 1x10 17 cm" 3 . Next, a p- 
type impurity, e.g. boron(B), is implanted into the surface 
region of semiconductor substrate 1 by the ion implan- 
tation method etc. The p-type impurity is diffused by 
thermal diffusion etc., and a p-type impurity diffused r - 
gion 11 is formed with the impurity density exceeding 
about 1x1 0 18 cm- 3 in this region. The diffusion width for 
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this p-type impurity diffusion density region 11 is about 
0.5-1.0 jjm, and diffusion depth is about 300-500nm 
from the surface of semiconductor substrate 1 to the bot- 
tom of the p-type impurity diffusion density region 1 1 
Next, photoresist (Not illustrated in figures) covers insu- 
lating layer 2, which is patterned. An opening 21 is 
formed in the insulating layer 2 by etching, e.g. R1E(Re- 
active Ion Etching), using the patterned photoresist as 
a mask. 

This opening 21 is formed so that the bottom edge 
is aligned on p-type impurity diffused region 11. A suit- 
able thickness of the insulating layer 2 is about 100nm. 
Using an Si0 2 layer etc. would be preferable, because 
the required thickness of the insulating layer 2 would de- 
termine the material upon which the selective epitaxial 
growth layer grows easily Using anisotropic etching is 
capable of controlling the amount of pattern transforma- 
tion. However, damage might occur in the semiconduc- 
tor substrate when using RIE. Therefore, it is required 
to r move this damaged layer by wet etching etc. A p- 
type silicon semiconductor layer 3, a single crystal of 
about 50— 70nm layer thickness, is epitaxial-selectively 
grown on semiconductor substrate 1 surrounded with 
op ning 21 of this insulating layer 2. Growth tempera- 
ture should be defined at the low temperature of about 
700°C. Thereafter, this silicon semiconductor layer 3 is 
called a selective epitaxial growth layer. The selective 
epitaxial growth layer 3 solely grows on the opening 21 
of the semiconductor substrate 1 of opening 21 . The bot- 
tom edge is located on the p-type impurity diffused re- 
gion 11. In this embodiment, the length from the edge 
of opening 21 to the edge of diffused region 11 existing 
under selective epitaxial growth layer 3 is about 0.5 u.m. 

In this manner, all edge portions of the selective epi- 
taxial growth layer 3 are accommodated and formed ad- 
jacent in the p-type impurity diffused region 11. There- 
fore, even if a minute defect and faceting etc. generate 
in the edge portion of the selective epitaxial growth layer 
3, the boundary between the selective epitaxial growth 
layer 3 and the semiconductor substrate 1 at this edge 
portion is kept away from a junction leakage owing to a 
junction between the p-type impurity diffused region 11 
and the semiconductor substrate 1. 

Meanwhile, FIG.5 shows an example of forming a 
bipolar transistor, where the selective epitaxial growth 
layer 3 shown in FIG.3 is provided as a base region. The 
description concerning the process up to forming the se- 
lective epitaxial growth layer 3 is omitted, because the 
similar process will proceed in this process. 

After the selective epitaxial growth layer 3 has 
grown, insulating layer 12 (CVD-Si0 2 layer) is formed 
on insulating layer 2 and selective epitaxial growth layer 
3 by the CVD method etc. Using a patterned photoresist 
(not illustrated in the figure) which provided as a mask, 
the opening is formed in the insulating layer 2 by aniso- 
tropic etching so that the surface of the selective epitax- 
ial growth layer 3 is exposed. N-type polysilicon semi- 
conductor layer 61 is formed in the opening where se- 



lective epitaxial growth layer 3 is expos d. At this time, 
the impurity of this semiconductor layer 81 diffuses by 
annealing under the condition of 1000°C. N 2 and for 
20sec approximately, when this n-type emitter region 31 

5 is formed. 

Polysilicon semiconductor layer 81 is used as an 
emitter electrode 8(E) together with metallic electrode 
82 , e.g. aluminium. Selective epitaxial growth layer 3 is 
used as a base region. Metallic electrode 9. e.g. alumin- 

10 ium, is formed in the other opening where the selective 
epitaxial growth layer 3 of insulating layer 1 2 is exposed 
so as to contact with this selective epitaxial growth layer 
3. Metallic electrode 9 is used as a base contacting elec- 
trode (B). Metallic electrode 10 ; e.g. aluminum, is 

is formed in the opening of insulating layer 1 2 where the 
surface of the semiconductor substrate 1 is exposed, so 
as to contact with high impurity density collector contact 
region 18 in the semiconductor substrate 1. Metallic 
electrodes 9 and 1 0 can be formed in the same prr :ess. 

20 Metallic electrode 10 is used as a collector contacting 
electrode (C). 

The embodiment of this invention employs p-type 
impurity diffused region 11 , together with the outer base 
diffused region. This outer base diffused region is 

25 formed so as to overlap with an edge of the insulating 
layer, which enables to control the junction leak current 
between base and collector, without increasing the 
number of process steps. 

Meanwhile, the embodiment of the second inven- 

30 tion is described with reference to FIG.6. 

FIG. 6 shows a sectional view of the semiconductor 
device configuration, where the base region for self- 
aligned bipolar transistor using two layer polysilicon lay- 
ers is formed by the selective epitaxial growth. Insulating 

35 layer 2, e.g. the about 100nm thick Si02 layer is formed 
on n-type silicon semiconductor substrate 1. After then, 
an opening 21 is formed in the region, where the base 
region for insulating layer 2 is formed. Next, a selective 
epitaxial growth layer 3 doped with boron (B) to the 

40 opening 21, is grown on the semiconductor substrate. 
It is preferable to define the layer thickness at 50- 70nm 
and boron density at 5-7 x10 18 cnr 3 approximately. 
Moreover, providing for growth temperature at about 
700°C will result in achieving formation of sharp base 

45 profile. The selective growth layer can be developed as 
a growth gas by using the SiH 2 CI 2 or SiH 4 +HCI gas sys- 
tem. A structure where faceting does not generate is 
preferable as the shape of the edge portion of the se- 
lective epitaxial growth layer 3. Next, p-type impurity is 

50 doped in a polysilicon layer 1 3 in high density and insu- 
lating layer 14 is deposited (CVD-Si0 2 layer) by the 
CVD method. This deposition layer is patterned by ani- 
sotropic etching, so that the selective epitaxial growth 
layer 3 may overlap with the polysilicon layer 13. 
55 in regard to this deposition layer, the emitter open- 
ing is formed so that the emitter region may be exposed. 
In this process, the polysilicon layer 13 is used as an 
outer base region. However, low resistance is prefera- 
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ble, due to the necessity for proposing parasitic r sist- 
ance. Moreover Si0 2 is grown by the CVD method etc. 
A side-wall insulating layer 15 is formed along a side 
surface of the deposition layer pattern in the p-type poly- 
silicon semiconductor layer 13 and insulating layer 14 
by anisotropic etching. This side-wall insulating layer 15 
not only separated the base electrode from the emitter 
electrode, but also determines the emitter size. For in- 
stance, when a width of the opening 21 is 0.5 urn, an 
opening width for the emitter region can be adjusted to 
about 0.2 |im by setting a thickness of the side-wall in- 
sulating layer 15 to 0.1 Sum. Next n-type polysilicon 
semiconductor layer 8 is formed to the emitter opening. 
Then, n-type emitter diffused region 31 is formed in the 
surface region of selective epitaxial growth layer 3 by 
annealing under the condition of 1000C, N 2 for 20sec 
approximately 

Furthermore, p-type impurity diffused region 11 is 
formed in the surface region of semiconductor substrate 

I under the region where selective epitaxial growth layer 
3 overlaps with p-type polysilicon semiconductor layer 
1 3. The edge of the selective epitaxial growth layer 3 is 
aligned on this p-type impurity diffused region 11 in for- 
mation. 

A polysilicon semiconductor layer 8 is used as an 
emitter electrode. The selective epitaxial growth layer 3 
is used as a base region. The polysilicon layer 1 3 is used 
as an outer base electrode. The insulating layers 2 and 
14 form a couple of openings respectively, so that the 
semiconductor substrate is exposed, and metallic elec- 
trodes 9 and 10 are formed so as to contact a surface 
of the semiconductor substrate. The metallic electrode 
9 is used as a base contacting electrode, and the me- 
tallic electrode 10 is used as a collector contacting elec- 
trode, which is connected with collector contact region 
1 8 with high impurity density in semiconductor substrate 
1. 

According to this invention, a pattern of the selective 
epitaxial growth layer 3 relevant to an inner base over- 
laps with the pattern of the polysilicon layer 13 relevant 
to an outer base. However, providing an overlapping re- 
gion in the polysilicon layer 13 for the diffusion source 
of the p-type impurity, a p-type impurity diffused region 

II can be formed in the surface of the semiconductor 
substrate 1 in the later annealing process. This p-type 
impurity diffused region 11 is a pattern which contains 
all of the edge portion of the selective epitaxial growth 
layer 3 as a result. Therefore, even if a minute defect or 
faceting etc. occurs in the edge portion of the selective 
epitaxial growth layer 3, a junction leakage will not be 
detected. 

In the event that a p-type impurity diffused region 
1 1 is formed, the junction area between a base to a col- 
lector increases, which occasionally degrades the oper- 
ation performance of the bipolar transistor. On the other 
hand, this invention can minimize increasing a capacity 
between the base to the collector, by adjusting a length 
from the edge portion of the selective epitaxial growth 



layer 3 to the edge portion of th p-type impurity diffused 
region 11 to 2 um maximum. 

Meanwhile, the third embodiment of the invention 
is described with reference to FIGs.7 to 13. 
5 FIG. 7 shows a sectional view of a semiconductor 
substrate, where a semiconductor device is formed. 
FIGs 8 to 1 3 show a sectional view of the semiconductor 
device during the manufacturing process. FIG.7 shows 
a sectional view of the structure, where the base region 
of the self-aligned bipolar transistor, using two polysili- 
con layers, is formed by selective epitaxial growth. An 
insulating layer 2 is formed on n-type silicon semicon- 
ductor substrate 1 . In the insulating layer 2. an opening 
is provided in the region forming the base region. A side- 
wall insulating layer 16 is formed along a side surface 
of this opening. A boron-doped silicon semiconductor 
layer 3 (selective epitaxial growth layer) is formed in this 
opening by the selective epitaxial growth. The selective 
epitaxial growth layer 3 is opposite to the insulating layer 
2 in the opening through the side-wall insulating layer 
16. 

The side-wall insulating layer 16 can regulate a 
width of the opening of the insulating layer 2, and can 
become a diffusion source to form the impurity diffused 
region in the surface region of the semiconductor sub- 
strate 1. A polysilicon layer 13 and an insulating layer 
14 doped with p-type impurity, e.g. boron, in high density 
are deposited on the insulating layer 2. In these depo- 
sition layers, the emitter opening is formed so that an 
emitter region made in a surface of the selective epitax- 
ial growth layer 3 may be exposed. The polysilicon layer 
13 is used as a contacting base electrode, and partially 
makes contact with the selective epitaxial growth layer 
3. A side-wall insulating layer 1 5 is formed along a side 
surface of the polysilicon layer 1 3 and the insulating lay- 
er 14. This side-wall insulating layer 15 separates the 
base electrode from the emitter electrode. In the emitter 
opening, n-type emitter diffused region 31 is formed in 
the surface region of the selective epitaxial growth layer 
3. Moreover, a p-type impurity diffused region 11 is 
formed by impurity diffusing from the side-wall insulating 
layer 16. The edge portion of selective epitaxial growth 
layer 3 is aligned on this p-type impurity diffused region 
11 . A polysilicon layer 8 is used as an emitter electrode. 

The selective epitaxial growth layer 3 is used as a 
base region. The polysilicon layer 1 3 is used as an outer 
base electrode. The insulating layers 2 and 14 respec- 
tively form the opening, so that the surface of the sem- 
iconductor substrate 1 and the surface of the polysilicon 
layer 1 3 may be exposed respectively, where metallic 
electrodes 9 and 1 0 are formed so as to contact with the 
surface of the semiconductor substratre 1 and the sur- 
face of the polysilicon layer 1 3 respectively. The metallic 
electrode 9 is used as base contacting electrode, and 
the metallic electrode 10 is used as a collector contact- 
ing electrode and is connected with a collector contact 
region 18 of semiconductor substrate 1. 

According to this invention, this p-type impurity dif- 
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fused region 11 is a pattern which contacts all of the 
edge portion of the selective epitaxial growth layer 3. 
Therefore, even if a minute defect and faceting, etc. is 
generated in the edge portion of selective epitaxial 
growth layer 3, this is not detected as junction leakage. 

When the p-type impurity diffused region 11 is 
formed, the junction region between a base and a col- 
lector increases, which may occasionally deteriorate the 
operation performance of the bipolar transistor Howev- 
er, the necessary increase in the base to collector ca- 
pacity can be controlled to the minimum by providing the 
distance from the edge to the selective epitaxial growth 
layer 3 to the edge of the p-type impurity diffused region 
1 1 , as 2 um maximum, according to the aforesaid inven- 
tion. 

Meanwhile, the method of manufacturing the sem- 
iconductor device in the embodiment of this invention is 
described with referred to FIGs. 8 to 13. This method 
employs BSG( Boron Silicate Glass) containing the 
same conductive impurity as the selective epitaxial 
growth layer 3 (p-type impurity) for aside-wall insulating 
layer which is used as means to minimize an area of the 
p-type impurity diffused region made in a exposed sur- 
face of the semiconductor substrate 1 . In this case, after 
making an opening pattern of the insulating layer, the 
BSG layer is formed. The BSG layer is etched with an- 
isotropic etching until the n-type semiconductor sub- 
strate 1 is exposed, so that portions of the BSG layer, 
named as a side-wall insulating layer 16, can be solely 
remained along the side surface of the insulating layer 
2. However, the side-wall insulating layer is predeter- 
mined by the BSG layer and an over-etching amount, 
but can be formed in a pattern width of about 0. 1 -~0.2um 
in self-alignment, therefore, the increase of a capacity 
between the base to the collector can be controlled to 
the minimum. 

After the insulating layer 2 has grown on the semi- 
conductor substrate 1, the opening 21 is formed in the 
region becoming a base. The thickness of the insulating 
layer 2 is 1 0Onm approximately, while a material to eas- 
ily grown selective epitaxy should be chosen for the in- 
sulating layer type. In particular, the Si0 2 layer is rec- 
ommended. The etching can control an amount of pat- 
tern transformer by using anisotropic etching, however, 
in the case when RIE(Reactive Ion Etching) is used, it 
is required to remove a damage layer caused by RIE, 
by wet etching etc. because dammage occurs in the 
semiconductor substrate. (Refer to FIG.8) 

Afterwards, the BSG layer is formed over the entire 
insulating layer 2 and the semiconductor substrate 1 in- 
cluding the opening 21. And, this BSG layer is etched 
by anisotropic etching. At the time point when the sem- 
iconductor substrate 1 is exposed, etching is stopped, 
and the BSG layer remains only in the side surface of 
the opening 21 as a side-wall insulating layer 16. The 
thickness of the BSG layer is optimally about 100 to 
200nm and boron density is about 1 0 21 atoms/cm 3 . This 
process can form the side-wall insulating layer which 



has a width about 100~-200nm. In this cas , it is re- 
quired to remove the damage layer by wet etching etc., 
because damage occurs due to anisotropic etching. Ac- 
cordingly, the side-wall insulating layer 16 acts as a dif- 

5 fusion source during annealing under the condition of 
850°C, N 2 for 30min approximately to cause boron to 
diffuse into semiconductor substrate 1 , where p-type im- 
purity diffused region 11 is formed. The width of the p- 
type impurity diffused region 11 is defined at about 

io 300— 400nm and the depth of the same is about 1 0Onm. 
This annealing process is not necessarily performed at 
this time and may be done together with the following 
emitter diffusion process (refer to FIG. 9). Boron doped 
selective epitaxial growth layer 3 is formed on the sem- 

is [conductor substrate containing the insulating layer 2 
where BSG side-wall 16 has been formed on opening 
21. Preferably the layer thickness is about 50— 70nm 
and the boron density is 5 to 7x 1 0 1 8 cm" 3 approximately. 
A sharp base profile can be achieved by defining growth 

20 temperature at the low temperature of about 700°C 

By using the gas system of SiH 2 CI 2 or SiH 4 +HCI as 
a growth gas, the selective epitaxial growth layer 3 is 
easily formed. The shape of the edge portion of the se- 
lective epitaxial growth layer 3 should be a structure 

2S where faceting does not occur. Meanwhile, such a prob- 
lem will be avoided according to this invention when the 
threshold is particularly decreased, even if slight facet- 
ing or a fine defect occurs in the edge portion (refer to 
FIG. 10). " 

30 On the other hand, a polysilicon layer 1 3 and an in- 
sulating layer 14(CVDSi0 2 layer) doped with p-type im- 
purity in high density are formed in this order. The ani- 
sotropic etching is provided to this deposition layer, 
where the pattern is relieved with anisotropic etching so 

35 that the polysilicon semiconductor layer 1 3 may overlap 
with the selective epitaxial growth layer 3. The polysili- 
con layer 1 3 pattern formed in this process is used as a 
base contacting electrode. However, low resistance is 
p re f era bie for reducing parasitic resistance (refer to FIG. 

40 11). 

Afterwards, insulating layer 15 is formed in the side 
surface of the deposition layer pattern which consists of 
the polysilicon layer 13 fully formed at FIG. 11 by aniso- 
tropic etching after growth of the insulating layer 1 4. This 

45 side-wall insulating layer 15 can not only separate the 
base electrode from the emitter electrode, but also de- 
termine an emitter size. 

In other words, when the opening width for the dep- 
osition layer pattern formed in FIG. 11 is defined at 

50 0.5um. The side-wall insulating layer 15 formed in this 
process is set to 0. 1 5u.m, while the emitter opening width 
can be defined at about 0.2u.m(refer to FIG. 12). More- 
over, a n-type polysilicon layer 8 is formed at the emitter 
opening, when emitter region 31 is formed by annealing 

ss under the condition of 1 000° C and N 2 , for 20secapprox- 
imat ly. 

Meanwhile, the fourth embodiment is described 
with reference to FIGs. 14 to 16. 
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Those embodiments described above selectively 
grow a p-type epitaxial growth layer only on the surlace 
of the semiconductor substrate, which is exposed to the 
opening of the insulating layer. However, this embodi- 
ment grows the semiconductor layer all over the semi- 
conductor substrate containing the insulating layer and 
the inside of the opening thereof. Hereafter, this semi- 
conductor layer is called the non-selective epitaxial 
growth layer. 

First, a insulation layer 2. e.g. 100nm thick Si0 2 , is 
formed on n-type semiconductor substrate 1 at 1x10 16 
to 1x10 17 cnr 3 approximately, as shown in FIG. 14. Then, 
a p-type impurity, e.g. boron, is implanted by the ion- 
implantation method to predetermined regions where p- 
type impurity is diffused of the surface region of the sem- 
iconductor substrate 1 , and diffused by annealing. A p- 
type impurity diffused region 11, formed by immediate 
process, not exceeding the impurity density of 
lx10 18 cnrr G is formed in this region. 

The diffusion width of this p-lype impurity diffused 
region 11 is about 0.5 to 1.0 u/n, and the diffusion depth 
is about 300 to 500nm from the surface area of the sem- 
iconductor substrate 1. Then, photoresist (not illustrat- 
ed) is coated and patterned on the insulating layer 2. 
Etching, e.g. RIE, is performed using the patterned pho- 
tor sist as a mask, while opening 21 is formed on insu- 
lating layer 2. Opening 21 is formed so that the bottom 
edge is aligned on p-type impurity diffused region 11. 

A p-type semiconductor layer 17 which has a thick- 
ness about 50 to 70 nm is epitaxially grown on insulating 
layer 2 and semiconductor substrate 1 enclosed by 
opening 21 . At this time, the low growth temperature of 
about 700°C is applied. Non-selective epitaxial growth 
layer 17 is grown not only on the semiconductor sub- 
strate 1 of an opening 21 , but also on the insulating layer 
2. In this case, single crystal grows on the semicon- 
ductor substrate 1 , while polycrystal silicon grows on the 
insulating layer 2. 

In other words, this non-selective epitaxial growth 
layer 1 7 is composed of single crystal silicon region 171 
growing within opening 21, and polysilicon region 172 
formed on the insulating layer 2. The bottom edge of 
opening 21 is located within p-type impurity diffused re- 
gion 11. For non-selective epitaxial growth layer 17, 
monocrystal silicon region 1 71 is formed in opening 21 . 

However, pattern edge portions of single crystal sil- 
icon region 171 are fully formed so as to be accommo- 
dat d within the p-type impurity diffused region 11 pat- 
tern. Hence, even though polysilicon contacts with the 
substrate in the pattern edge region, the boundary be- 
tween the epitaxial growth layer and semiconductor 
substrate interface in the edge region at the opening 21 
is protected by the junction formed by p-type impurity 
diffused region 11 within the semiconductor substrate 1, 
which is not detected as junction leakag . 

Meanwhile, the semiconductor device forming the 
bipolar transistor using the aforesaid non-selective epi- 
taxial growth layer 17 into the semiconductor substrate 



is described with ref rence to FIGs. 15 and 16. 

FIGs.15 and 16 show a cross sectional view of the 
semiconductor substrate on which bipolar transistor is 
formed. An insulating layer 2. e.g. which is about 100 

5 nm thick Si02 layer, is formed on n-type silicon semi- 
conductor substrate 1. The impurity e g boron, is im- 
planted into the surface region of the semiconductor 
substrate 1 via insulating layer 2 by ion implantation, 
which is diffused, thereby forming a p-type impurity dif- 

10 fusion region 11. Then, an opening 21 is formed in pre- 
determined base-formed region of insulating layer 2. 
Moreover, silicon semiconductor layer 17 is formed by 
epitaxial growth, where this opening 21 and insulating 
layer 2 are doped. The silicon semiconductor layer 17 

is is composed of single crystal silicon region 171 which 
is in the opening 21 and polysilicon region 172 which is 
on the insulating layer 2. This silicon semiconductor lay- 
er 17 is patterned in predetermined form. 

Furthermore, the insulating layer (CVDSi0 2 layer) 

20 formed by the CVD method is deposited on patterned 
silicon semiconductor layer 17. An emitter opening is 
formed in this insulating layer 14, so that single crystal 
silicon region 171 is exposed. 

A side-wall insulating layer 15, e.g. silicon oxide, is 

25 formed on the side surface of the emitter opening. The 
polysilicon region 1 72 is used as a base contacting elec- 
trode, however, lower resistance is preferred, because 
it is required to reduce parasitic resistance. Next, n-type 
polysilicon semiconductor layer 8 is formed on the emit- 

30 ter opening. Next, n-type emitter diffused region 31 is 
formed on the single crystal silicon region 171 surface 
by annealing under the condition of 1000 9 C, N 2 and for 
20sec approximately. Furthermore, the boundary be- 
tween single crystal silicon region 171 and polysilicon 

35 region 1 72 is formed at the edge of the opening 21 . On 
the surface region of the semiconductor substrate 1 con- 
tacted the boundary between the single crystal silicon 
region 171 and the polysilicon region 172, p-type impu- 
rity diffused region 11 is formed and aligned. In other 

40 words, an edge of single crystal silicone region 17 is 
formed and aligned. The polysilicon semiconductor lay- 
er 8 is used as an emitter electrode. Single crystal silicon 
region 171 is used as a base region. Polysilicon region 
172 is used as an outer base electrode. 

45 Openings are provided to insulating layers 2 and 14 
so that each surlace layer is exposed, while metallic 
electrodes 9 and 1 0 are formed so as to contact the sur- 
face layer. Metallic electrode 9 is used as a base extrac- 
tion electrode. 

so Metallic electrode 1 0 is connected to collector con- 
tact region 18, having high impurity density for semicon- 
ductor substrate 1 , and is used as a collector contacting 
electrode. This p-type impurity diffused region 11 has 
such a pattern that it contacts the total edge portion of 

55 single-crystal silicon region 171, which is not detected 
as junction leak, if the polysilicon contacts with the sub- 
strate in the silicon semiconductor layer 17, which is 
non-selective epitaxial growth layer. The p-type impurity 
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diffused region 11 is formed in this manner. 

The increase in the base/collector junction region 
may degrade the operating performance for a bipolar 
transistor. However, by defining the length between the 
edge portion of single crystal silicon region 171 and that 
of p-type impurity-diffused region 11 , the increase in the 
capacitance between base and collector can be mini- 
mized. 

Meanwhile FIG. 16 shows an example using non- 
selective epitaxial growth layer as well as a semicon- 
ductor device in FIG. 15. 

FIG.16 differs from FIG.1 5 in what a side-wall insu- 
lating layer 1 6 made of BSG layers is formed at open- 
ings in the base region for insulating layer 2. 

Silicon semiconductor layer 17 is formed at the 
opening by boron-doped non-selective epitaxial growth. 
Single crystal silicon region 171 of silicon semiconduc- 
tor layer 17 is aligned opposing against insulating layer 
2 via the side-wall insulating layer 16 at the opening. 
Side-wall insulating layer 16 is grown in a diffusion 
source, when the impurity diffused region is formed on 
the region surface of semiconductor substrate 1, in ad- 
dition to adjusting the opening width in insulating layer 2. 

On the other hand, the effects of impurity diffused 
region 11, on the pattern edge of epitaxial growth layer 
ar described as one of the aspects of this invention. As 
shown in FIGs. 17 and 18, p-type epitaxial growth layer 
is formed on semiconductor substrate 1 , and the selec- 
tiv epitaxial growth layer 3 is coated with insulating lay- 
er 2, e.g. SiO s . 

Epitaxial growth layer 3 and semiconductor sub- 
strate 1 form a diode. For the diode, a p-type impurity 
diffused region is formed on the surface region of sem- 
iconductor substrate 1 and connected to metallic elec- 
trode 29. 

P-type impurity diffused region 28 is formed on sem- 
iconductor substrate 1 , as shown in FIG. 17, and p-type 
impurity diffused region 11 is formed on semiconductor 
substrate 1, as shown in FIG. 18. As shown in the FIGs. 
17, 18, a faceting corner (See the four sides of layer 3 
shown in the plan view of FIGs. 17 and 18) is formed in 
each epitaxial growth layer. This position allows the 
easy generation of junction leakage between epitaxial 
growth layer and semiconductor substrate. 

FIG. 17 shows that one portion (one side only) is 
mounted on the p-type impurity diffused region, and 
FIG. 18 shows that all the faceting corners are mounted 
on the p-type impurity diffused region. Therefore, both 
FIGs. 17 and 18 illustrate embodiments of this invention, 
while, FIG. 17 is a illustrates acomparision with FIG. 18 
to show the effects in a diffused region. 

FIGs. 1 9 and 20 show both forward and reverse cur- 
rent - voltage characteristics. In these characteristics, 
the vertical axis indicates the current, and the horizontal 
axis indicates the voltage. Curve A indicates diode char- 
acteristics concerning the invention shown in FIG. 18, 
while curve B shows diode characteristics as a refer- 
ence example in FIG. 17. The comparison of both curves 



shows that they almost entirely correspond to each oth- 
er, allowing leakage because of larger current variation 
in curve Bfor reverse characteristics (Ir-Vr Characteris- 
tics). 

5 For the application of the invention to an epitaxial 
base type bipolar transistor, base impurity density (p- 
type) has a range from Ix10 l8 cnr 5 to 1x10 19 cnr 3 , and 
collector impurity density (n-type) has a range from 
about 1x10 16 cm* 3 to Ix10 l7 cnrv 3 

10 However, even if the impurity density of p-type im- 
purity diffused region 11 (See FIG.1), which is a charac- 
teristic of this invention, is estimated at a low value of 
1x1 0 18 crrr 3 , it can withstand up to 20V, if the length from 
edge portion of the insulating layer 2 opening to that of 

is p-type impurity diffused region, or the depth from the 
substrate surface, is about 0.5 urn. 

Therefore, the length (x) from the opening pattern 
edge of insulating layer 2 to that of p-type impurity dif- 
fused region 11 should be 0.5 to 2. Ojim. The application 

20 of this invention allows the increase in junction capaci- 
tance. However, the junction capacitance can be mini- 
mized by setting the distance from the pattern edge of 
said opening to that of the impurity diffused region at 
less than 2|im. 

25 The effects of this invention can control the increase 
in junction leak current and decrease in voltage, even if 
a defect or faceting should occur at the pattern edge of 
the selective/non-selective epitaxial layers' in devices 
using se I ectiv/e/non -selective epitaxial layers, which can 

30 avoid the threshold of the semiconductor device, from 
falling. 

In addition, means to inhibit the increase in junction 
capacitance forms the same conductivity type impurity 
diffusion as the epitaxial growth layer, using as a diffu- 

35 sion source an insulator layer formed on a side wall of 
the opening portion of the insulating layer, which will 
grow in an epitaxial growth region, and forms a diffusion 
layer having very small width value, which can minimize 
the increase in the number of process. 

40 Furthermore, self-matching formation against the 
opening pattern of the insulating layer, which will grow 
in an epitaxial growth region, can control the number of 
processes without adding a photoresist process. 

While there has been illustrated and described what 

45 are presently considered to be the preferred embodi- 
ments of the present invention, it will be understood by 
those skilled in the art that various changes and modi- 
fications may be made, and equivalents may be substi- 
tuted for devices thereof without departing from the true 

50 scope of the invention. In addition many modifications 
may be made to adapt a particular situation or material 
to the teaching of the present invention without depart- 
ing from the central scope thereof. Therefore, it is in- 
tended that this invention not be limited to the particular 

55 embodiment disclosed as the best mode contemplat d 
for carrying out this invention, but that the invention in- 
clude all mbodiments falling within the scope of the ap- 
pended claims. 
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layer, having a plurality of second openings 
aligned with said first opening: 
a side-wall insulating layer along side surfaces 
of said polysilicon layer and said second insu- 
5 lating layer: 

an emitter region, diffused in one of said first 
portions, 

an emitter electrode, electrically contacting 
said emitter region: and 
10 a base electrode, contacting said polysilicon 

layer. 



Claims 

1 . A semiconductor device comprising a semiconduc- 
tor substrate having a first conductivity, a first insu- 
lating layer on said semiconductor substrate, and 
having an opening so that a portion of said semi- 
conductor substrate is exposed, and a semiconduc- 
tor layer having a second conductivity on said por- 
tion. 

Characterized by, 

means, included in said semiconductor sub- 
strate, for minimizing a leakage current caused by 
a minute defect and/or faceting in said semiconduc- 
tor layer. 

75 

2. The semiconductor device according to claim 1, 
wherein said means comprises an impurity diffused 
region having the second conductivity. 

3. The semiconductor device according to claim 1, 
wherein said means contacts an edge portion of 
said opening. 

4. The semiconductor device according to claim 2, 
wherein said impurity diffused region has boron as 
an impurity 

5. The semiconductor device according to claim 2, 
wherein said impurity diffused region has an impu- 
rity density above 1x10 l8 cnrr 3 

6. The semiconductor device according to claim 1 , fur- 
ther comprising: 

a secord insulating layer on said semiconductor 
layer and said first insulating layer, and having 
several openings so that first portions of said 
semiconductor layer and said semiconductor 
substrate are exposed; 

an emitter region diffused in one of said first 
portions, 

an emitter electrode electrically contacting said 
emitter region; and 

a base electrode contacting another portion of 
said first portions. 

7. The semiconductor device according to claim 1 , fur- 
ther comprising: 



8. The semiconductor device according to claim 7, fur- 
ther comprising: 

a side-wall insulating layer along said opening 
in said first insulating layer. 

9. A semiconductor device, comprising 

a semiconductor substrate having a first con- 
ductivity; 

a first insulating layer on said semiconductor 
substrate, and having an opening so that a por- 
tion of said semiconductor substrate is ex- 
posed; 

a semiconductor layer, having a second con- 
ductivity, on said portion and on said insulating 
layer; and 

a impurity diffused region, having said second 
conductivity in a surface of said semiconductor 
substrate, and facing an edge of said opening, 
wherein said semiconductor layer has a crystal 
silicon portion on said semiconductor sub- 
strate, and a polysilicon portion on said insulat- 
ing layer. 

1 0. The semiconductor device according to claim 9, fur- 
ther comprising: 

a side-wall insulating layer along said open- 
ing. 

11. The semiconductor device according to claim 9, 
wherein an impurity density of said impurity diffused 
layer is higher than an impurity density of said sem- 
iconductor substrate. 

12. The semiconductor device according to claim 11, 
wherein said impurity diffused region has boron as 
an impurity. 

13. The semiconductor device according to claim 12, 
wherein said impurity diffused region has an impu- 
rity density above 1xl0 18 cnrv 3 . 

14. The semiconductor device according to claim 9, fur- 
ther comprising: 

a second insulating layer on said semiconduc- 



a polysilicon layer as an outer base region, on 
said semiconductor layer and said insulating 
layer, and having a plurality of first openings so 
that first portions of said semiconductor layer 
are exposed; 

a second insulating layer on said polysilicon 
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tor layer having a plurality of first openings so 
that a plurality of portions of said semiconduc- 
tor layer are exposed: 

a side-wall insulating layer along a side surface 
of one of said first openings in said second in- 5 
suiatinq layer: 

an emitter region, diffused in one of said first 
openings in said second insulating layer, con- 
tacting said side-wall insulating layer; 
an emitter electrode, electrically contacting 10 
said emitter region: and 
a base electrode, contacting said semiconduc- 
tor layer 

15. The semiconductor device according to claim 14, is 
further comprising: 

a side-wall insulating layer along said opening 
in said first insulating layer. 

16. A method ol manufacturing a semiconductor de- 20 
vice, comprising the steps of. 



forming an opening in a first insulating layer on 
a semiconductor substrate having a first con- 
ductivity: 

forming a second insulating layer, including an 

impurity having a second conductivity, along a 

side surface of said opening: 

diffusing said impurity into a surface of said 

semiconductor substrate; and 

growing a semiconductor layer by epitaxy in 

said opening on an exposed portion of said 

semiconductor substrate. 
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